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Abstract 
The break-up and the creation of a magnetic fluid bridge between two horizontal plates in magnetic fields of a horizontal line 
conductor and a coil on the top plate are investigated theoretically. 
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1. Introduction 
  
    A spasmodic change of the shape of the surface of a magnetic fluid (MF) can take place even a magnetic field 
changes slowly. In [1] a heavy MF under a line horizontal conductor was considered. In [2] the behavior of a MF 
bridge between two horizontal plates in a magnetic field was investigated experimentally, and the dependence of the 
maximum distance between the plates, when the bridge breaks up or appears, was measured for different values of a 
magnetic field gradient. In this paper calculations of the maximum distance, when the MF bridge between two 
horizontal plates breaks up into a few volumes or appears in the magnetic fields of a line conductor and a coil, are 
made for the magnetic fields of a line conductor and a coil. 
 
2. Shape of the MF under a line horizontal conductor 
  
    Consider a heavy MF with a magnetic permeability µ1 = const > 1 in a cylindrical vessel with a rectangular cross-
section and a horizontal slideway. A line conductor with current I is along the slideway of the vessel and locates at 
the middle of the top horizontal plate (the point (0, 0) in the (x, z) plane), Fig. 1. Parameters of the MF and 
nonmagnetic fluid are denoted by subscripts 1 DQGȡ1 !ȡ2. The problem is solved in non-inductive approximation 
and neglecting the surface tension. Static surface of the MF z = h(x) is described by the equation 
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Here οߩ ൌ ߩଵ െ ߩଶǡ ܥ ൌconst. 
 
Figure 1: The MF bridge before break-up 
Introducing the dimensionless parameters ݔכ ൌ ݔ ߜΤ ǡ ݄כ ൌ ݄ ߜΤ ǡ ߜଷ ൌ ሺߤଶ െ ߤଵሻܫଶ ሺʹߨܿଶοߩ݃ሻΤ ǡ ߙ ൌ
െܥ ሺοߩ݃ߜሻΤ the following dimensionless equation for  ݄כ is obtained 
 
ݔכ ൌ ඨ
ͳ
݄כ ൅ ߙ
െ ݄כଶǤ ሺͳሻ 
 
The parameter ߙ is determined from condition ଴ܸ ൌ ʹ ׬ ݔ݄݀
଴
ିௗ , here ଴ܸis a volume of the MF, per unit of length of 
the cylindrical vessel. 
It is known that a surface shape of a MF chances spasmodically in a magnetic field of a liner conductor when 
parameter ߙ ൌ ߙ௖ ൌ ሺʹ͹ȀͶሻଵȀଷ [1]. The MF bridge between two horizontal plates can break up in two cases: when 
ߙ ൌ ߙ௖ ൌ ሺʹ͹ȀͶሻଵȀଷ  (the MF volume consists of two intersecting at one point parts) and when ߙ ൐ ߙ௖  and the 
bridge touches the bottom plane at one point [3]. The program for numerical calculations the maximum distance ݀௖ 
when the MF bridge exists for fixed values of ଴ܸ and  ܫ is written. 
In general the value of ݀௖ depends on the four dimension parameters: ሺߤଶ െ ߤଵሻܫଶ ሺʹߨܿଶሻǡΤ  ଴ܸǡ ܮௗǡ οߩ݃Ǥ From 
Pi theorem follows equality is valid: ݀௖ ඥ ଴ܸ ൌ ݂ሺߜଶ ଴ܸ ǡܮௗଶ ଴ܸΤΤ ሻΤ ǤWhen ܮௗ ඥ ଴ܸ ب ͳΤ  dependence on the second 
parameter disappears and ݀௖ ඥ ଴ܸ ൌ ݂ሺߜଶ ଴ܸΤ ሻΤ ǤFor three values of ଴ܸ the functions ݂ ൌ ݂ሺݕሻǡ(here ݕ ൌ ߜଶ ଴ܸΤ ) are 
calculated and presented on Fig. 2. 
V.A. Naletova et al. / Physics Procedia 9 (2010) 126–130 127
 V.A. Naletova/ Physics Procedia 00 (2010) 000±000  
 
Figure 2: Value of ݀௖ ඥ ଴ܸΤ  versus ݕ ൌ ߜଶ ଴ܸΤ  
It is obvious that these functions coincide everywhere except near zero. The function ݂ has one maximum at 
ݕ ൌ ݕ௖ and qualitatively coincides with the experimental data [2]. When the values of the current and ݕ increases the 
value of  ݀௖ ඥ ଴ܸΤ  increases for ݕ ൏ ݕ௖, and decreases and tends to 0.8 at high currents for ݕ ൐ ݕ௖Ǥ 
It is shown that there are three types of the MF bridge behavior when the values of the current and ݕ increase 
(݀ ൌ  const, ଴ܸ ൌ  const): 1) if ݀௖ ඥ ଴ܸΤ ൑ ͲǤͺ  the bridge is created at some value ܫ௖  and then remains; 2) if 
ͲǤͺ ൏ ݀௖ ඥ ଴ܸΤ ൑ ݀௠௔௫ ඥ ଴ܸΤ  the bridge is created at some value ܫଵ  and then breaks up at larger value ܫଶ ൐ ܫଵ; 3) if 
݀௖ ඥ ଴ܸΤ ൐ ݀௠௔௫ ඥ ଴ܸΤ  the MF bridge between plate can not exist.  
The dependence ݀௖ ඥ ଴ܸΤ ൌ ݂ሺݕሻ can be used to determine the minimum volume of a MF needed to create 
magnetic fluid bridge for given parameters of the problem. The MF bridge exists, when ݀ ൑ ݀௖, and next inequality 
is valid:  
 
݂ሺݕሻ ൌ
݀௖
ඥ ଴ܸ
൒
݀
ඥ ଴ܸ
ൌ ܣඥݕǤ 
 
Here ݕ ൌ ߜଶ ଴ܸΤ ǡ ܣ ൌ ݀Ȁߜ. If values of ݀ǡ ܮௗ and ܫare fixed, it is possible to create a MF bridge only for  ଴ܸ ൐ ௞ܸ, 
where ௞ܸ is determined as the point of intersection of graphs ݂ሺݕሻ and ܣඥݕ, Fig. 2. 
 
3. Shape of the MF in a magnetic field of a coil 
 
Consider the problem about the axially symmetric profile z = h(r) of a MF with a volume  ଴ܸ in a magnetic field 
of a coil (ݎ ൌ ඥݔଶ ൅ ݕଶ). A nonmagnetic fluid and a MF are between two horizontal plates. The center of the coil is 
located at the point (0, 0, İ), İ is a small parameter, Fig.3. The vertical boundary of the liquids is a cylindrical 
surface (with circular cross-section, ܴௗ is the circle radius), whose axis coincides with the axis of the coil. 
128 V.A. Naletova et al. / Physics Procedia 9 (2010) 126–130
 V.A. Naletova/ Physics Procedia 00 (2010) 000±000 
 
Figure 3: Volume of MF in a cylindrical vessel 
The magnetization of a MF is described E\ WKH /DQJHYLQ¶V ODZ ܯሺߦሻ ൌ ܯௌܮሺߦሻǡ ܮሺߦሻ ൌ ܿݐ݄ሺߦሻ െ
ͳ ߦǡ ߦ ൌ ݉ܪ ሺ݇ܶሻǡ݉ ൌ ܯௌ ݊Τ ǤΤΤ Here T is the MF temperature, k is the Boltzmann constant, ܯௌ  is the MF 
saturation magnetization, m is the magnetic moment of a MF ferromagnetic particle and n is the numerical 
concentration of MF ferromagnetic particles. The magnetization of the nonmagnetic liquid equals zero ܯଶ ൌ Ͳ. 
The equilibrium equation for fluids and boundary condition on the surface z = h(r) are 
 
݌௜ ൌ නܯ௜݀ܪ
ு
଴
െ ߩ௜݃ݖ ൅ ݌଴௜ǡ ݅ ൌ ͳǡʹǡሺʹሻ 
ݖ ൌ ݄ሺݎሻǣ݌ଵ െ ݌ଶ ൅ ʹߨሺܯଶ௡ଶ െ ܯଵ௡ଶ ሻ ൌ േʹߪܭǤሺ͵ሻ 
 
 
Here K is mean the curvature of the surface and ߪ is the surface tension of the MF (sign + for upper interface). The 
magnetic field ܪሬԦ ൌ ሺܪ௥ǡ Ͳǡ ܪ௭ሻǡ ܪ ൌ ඥܪ௥ଶ ൅ ܪ௭ଶǡ is calculated using the Biot-Savart law, Fig.4: 
 
݀ܪሬሬሬሬሬԦ ൌ
ʹܬ
ܿ
ൣ݈݀ሬሬሬԦǡ ݎԦ൧
ݎଷ
Ǥ 
 
Figure 4: Calculation of the magnetic field at the point (r,z) 
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From equations (2), (3) the condition for h(r) is  
 
ܥ ൅ οߩ݄݃ െ ݊݇ܶ 
ݏ݄ሺ݉ܪ ݇ܶΤ ሻ
݉ܪ ݇ܶΤ
ൌ Ͳǡܪ ൌ ܪሺݎǡ ݄ሻሺͶሻ 
 
Here the surface tension is neglected. Introducing the dimensionless parameters 
ݎכ ൌ ݎ ܴௗǡΤ ݄כ ൌ ݄ ܴௗǡ ܮ ൌ ܮௗ ܴௗǡΤ ଴כ ൌ ଴ܸ ܴௗଷǡΤ Τ ܪ଴ ൌ ܪሺͲǡ ߝሻ ൌ Ͷߨܫ ሺܴܿௗሻǡ ߦ଴ ൌ ݉ܪ଴ ሺ݇ܶሻǡΤ Τ ܪכ ൌ
ܪכሺݎכǡ ݄כሻ ൌ ܪ ܪ଴ǡ ܰ ൌ οߩܴ݃ௗ ሺ݊݇ܶሻǡΤΤ ܥכ ൌ ܥ ሺ݊݇ܶሻΤ  the following dimensionless equation for ݄כሺݎכሻ  has a 
form 
 
ܥכ ൅ ݄ܰכ െ 
ݏ݄ሺߦ଴ܪכሻ
ߦ଴ܪכ
ൌ ͲǤሺͷሻ 
Here ܪכ ൌ ܪכሺݎכǡ ݄כሻ ൌ ඥܪ௥כଶ ൅ ܪ௭כଶǡ 
ܪ௥כ ൌ
ͳ
ʹߨ
න
െሺݖכ െ ߝכሻ  ߮
ሺͳ ൅ ݎכଶ ൅ ሺݖכ െ ߝכሻଶ െ ʹݎכ  ߮ሻଷȀଶ
݀߮
ଶగ
଴
ǡ 
ܪ௭כ ൌ
ͳ
ʹߨ
න
ͳ െ ݎכ  ߮
ሺͳ ൅ ݎכଶ ൅ ሺݖכ െ ߝכሻଶ െ ʹݎכ  ߮ሻଷȀଶ
݀߮
ଶగ
଴
Ǥ 
 
The parameter ܥכ  is determined from condition that dimensionless volume of the MF is constant ଴ܸ ൌconst. 
Equation (5) is solved numerically and then the surface shape of MF can be graphed. For example, if parameters of 
the problem are ݀௥ = 0.26 cm, ܴௗ = 0.2 cm, ܮௗ= 1 cm, ଴ܸ= 0.040 cm
3
, οߩ = 0.1 g/ cm3 and the current in the coil is 
slowly increasing, the MF bridge will appear at I  = 7 A, ܥכ  = 0.0063. 
 
4. Conclusion 
 
Analytical solutions of the problems of a finite volume of the MF between two horizontal plates in magnetic 
fields of a line conductor and a coil are obtained. The problems are solved in non-inductive approximation and 
neglecting the surface tension. The maximum distance between plates, for which the MF bridge exists, as a function 
of a parameter proportional to the current is calculated. Characteristics of the behavior of the MF bridge are 
discussed. Also the analytical solution allowed us to determine the minimum volume of a MF needed to create 
magnetic fluid bridge for given parameters of the problem. 
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